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Abstract 
Dyslexia is a type of Specific Learning Disability (SLD) that affects the educational development of a student, as it 
is the reason of difficulties not only in writing or reading but also in other disciplines like Mathematics. Research 
has proven that Information and Communication Technologies (ICT) can have a positive effect to the educational 
development of a dyslexic student.  
 
In this paper, twenty 6th-grade primary-school students were observed while using computers during exams - ten 
with Dyslexia and ten with no SLDs. All students were called to solve a digital test and a paper test that were 
including some basic mathematic operations. The researcher recorded and examined the differences between the 
results from the two tests. Descriptive and deductive statistical analysis showed that students had better results when 
examined via a computer compared to a traditional written examination. 
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1. Introduction 
The sector of Specific Learning Disabilities has been differentiated in the last decade. According to relevant 
research data, a large group of students with SLD deals with difficulties in reading. These difficulties are defined as 
Developmental Reading Disorder – Dyslexia (for example: Critchley [4]; Porpodas [18]; Jakobson [9]; Snowling 
[23]; Reid [20]; Mponti [14]). According to literature review it is known that the study of Dyslexia is an inter-
scientific matter that could be approached in various ways. It would be most beneficial, instead of considering them 
contradicting, to consider them as complementary to each other (Anastasiou [2]) so as to gain advantages in the field 
of intervention.  
 
An effective intervention programme, apart from suggesting differentiated teaching techniques, should be 
including the use of teaching material that will be adapted to the needs of every student (Tomlinson [24]). Part of 
this material is also the process of assessing – examining the progress of the student, as well as the tools that the 
teacher will use in order to achieve this. According to Mavromatis et al. [12], the tools for student assessment that 
are traditionally used in the Greek school are not enough to cover the special educational needs of all students. 
 
The Greek educational system, not being able to get modernized and adapted to the requirements of the 
technological developments of the last decades, has not managed to incorporate ICT in all stages of the educational 
process. The most indicative example is that of the report of European Education Audiovisual and Culture Executive 
Agency-EACEA [5], in which it is stated that Greece is one of the few European countries that do not use computers 
in the examinations process. The researcher, by taking into consideration the large number of students with Dyslexia, 
the lack of use adapted practices of assessment and the absence of ICT from the examinations, has proceeded to this 
research. The present study’s main target is to highlight the need of using computers in the examination process. 
2. Body 
2.1. Aim of research 
This research was conducted in the light of the fact that students with Dyslexia represent a large subgroup of all 
the students in a school, as well as the lack of ICT use during the assessment process. The main objective of the 
present study is to collect and compare data that show how dyslexic students respond when they use ICT instead of a 
traditional paper based test during an examination process. To collect the necessary data, the researcher designed 
and created two non standardized tests, one in digital form and the other in paper form, both included basic 
mathematical operations. The differentiation from previous researches was that the digital test had the same format 
as the paper test, without any interactivity and feedback during the examination process. 
2.2. Research Reliability 
Reliability is the overall consistency of a measure and can be defined as the probability of getting similar results 
under consistent conditions (Kiriazi [10]; Robson [21]).  The assessment tool that was used has a high degree of 
internal consistency since the index Cronbach Alpha is 0.925. Inductive statistics and software SPSS v.17 were used 
for the conclusions. Moreover, the maximum significance level for the measurements was set to be p< .05 and the 
minimum correlation level was set up to be r> .38 because the sample was consisted of 20 subjects (Walter[25]). 
2.3. Research questions 
Students with Dyslexia, very often can lose their concentration and face lots of problems when recalling 
mathematical procedures and sequences of operations (Anastasiou [2]; Agaliotis [1]; Mponti [14]). Previous 
researches showed that some students who use ICT daily in order to support their studies can achieve higher 
performance and increase their leisure time (Rocheleau [22]; Raptis & Rapti [19]). However, the use of computer in 
the examination procedure, and not during the study may contribute to a better concentration of students? According 
170   Elmas Anestis et al. /  Procedia Computer Science  65 ( 2015 )  168 – 175 
to the above data and the need to enrich the corresponding science findings, the research question was formed as 
such: Are there any significant differences on a student performance when he/she is examined using computers 
compared to a conventional written test? 
2.4. Research hypotheses 
Depending on the aforementioned question and considering that many studies have proved the link between ICT 
usage in a school environment and academic performance (Rocheleau [22]; Raptis & Rapti [19]), the researches 
provide the following hypothesis statement (H1): the number of the correct operations at the electronic test is higher 
than the number of the correct operations on the paper based test. 
2.5. The population and sample of the research 
The research is about 6th grade students of five primary schools in the second periphery of Athens. Schools 
follow the Curriculum Studies of the Greek Ministry of Education, which ensures that all students have been taught 
the basic mathematical operations of arithmetic (Educational Institute [6]). In the research, they took part 20 
students, divided in 2 groups, aged 11:6 to 11:11. The experimental group included 10 students who had been 
officially diagnosed as dyslectic by a Centre of Differential Diagnosis and Support of Special Educational Needs 
and had never followed an intervention programme. The control group consisted of 10 students who had none 
Specific Learning Disability. Students with intellectual disabilities, developmental disorders, natural disabilities or 
co-morbidity with other Specific Learning Disabilities were excluded from the research process. In table 1 it is 
obvious there was an equal distribution of participants in terms of gender and group. The table was based on the 
cross-tabulation technique.  
Table 1. Distribution of participants in terms of gender and group 
  Control Group   (No SLDs) 
Experimental Group 
(Dyslexia) Total 
Male (n)  5 5 10 
Female (n)  5 5 10 
Total (n)  10 10 20 
2.6. Pilot study 
As suggested by Paraskevopoulos [15], before the official initiation of a full scale research, a pilot study should 
be preceded in an attempt to detect any errors and omissions. Consequently, both tests were applied on 2 groups 
each one consisted of 4 students. Afterwards, the researcher corrected all the revealed errors on both tests in order to 
get their final form.  
2.7. Independent and Dependent Variables 
Independent variables define the sample subjects and can be manipulated to determine the value of a dependent 
variable (Zafiropoulos [28]). Dependent variables are being measured in an experiment and their values depend on 
controlled-predictable factors (Paraskevopoulos [15]). Therefore, as independent variables were defined: a) the sex 
of the subjects and b) whether or not Dyslexia exists. As dependent variables were defined: the result of each 
operation. 
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2.8. Descriptive statistical analysis of the dependent variables  
In table 2 is briefly displayed the average, the standard deviation, the range, the upper and the lower values of the 
dependent numerical data of the sample. Table 2 was created by the calculation technique of the central tendency 
and dispersion. 
Table 2. Descriptive statistical analysis of the dependent numeric variables 
Number of correct operations per student  Average Standard   
Deviation 
Width Lower  
Value 
Upper       
Value 
Digital test 3.05 0.945 3 1 4 
Paper test 2.70 1.031 4 0 4 
Both Tests 5.75 1.803 7 1 8 
 
Table 3 and 4 present the frequencies of the categorical dependent variables that were used for the coding of the 
data from the experimental group (Dyslexia students) and the control group (non SLD students). The tables have 
been created with the method of calculation of the frequency distribution. 
Table 3. Descriptive statistical analysis of the categorical dependent variables of the experimental group (Dyslexia students) 
Frequencies of results 
per operation  Frequency  (Number - N) Relevant Frequency (percentage - %) 
 Correct operations Wrong Operations Correct operations Wrong Operations 
Digital Addition 9.0 1.0 90.0 10.0 
Digital Subtraction 6.0 4.0 60.0 40.0 
Digital Multiplication 6.0 4.0 60.0 40.0 
Digital Division 7.0 3.0 70.0 30.0 
Written Addition    9.0 1.0 90.0 10.0 
Written Subtraction 7.0 3.0 70.0 30.0 
Written Multiplication 9.0 1.0 90.0 10.0 
Written Division           5.0 5.0 50.0 50.0 
 
Table 4. Descriptive statistical analysis of the categorical dependent variables of the control group (non SLD students) 
Frequencies of results 
per operation  Frequency  (Number - N) Relevant Frequency (percentage - %) 
 Correct operations Wrong Operations Correct operations Wrong Operations 
Digital Addition 9.0 1.0 90.0 10.0 
Digital Subtraction 9.0 1.0 90.0 10.0 
Digital Multiplication 9.0 1.0 90.0 10.0 
Digital Division 8.0 2.0 80.0 20.0 
Written Addition    9.0 1.0 90.0 10.0 
Written Subtraction 10.0 0.0 100.0 0.0 
Written Multiplication 5.0 5.0 50.0 50.0 
Written Division           8.0 2.0 80.0 20.0 
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2.9. H1 Hypothesis verification 
To examine the H1 research hypothesis, Paired-Samples t-Test was applied in order to compare the average 
number of the correct operations at the digital test with the average number of the correct operations at the paper 
test. This particular tool was used because the variables were formed normal distribution as it seems in figure 1. 
 
Graph 1. Gauss-Normal distribution of the H1 hypothesis variables  
2.10. Experimental group and control group Results 
Table 5 shows the average and the standard deviation of the correct operations on both tests, for both 
experimental and control group. 
Table 5. Descriptive statistical analysis of the averagesfor both groups 
Number of correct operations Experimental Group (Dyslexia) Control Group (non SLD) 
 Average standard deviation Average standard deviation 
Digital test 2.60 1.075 3.50 0.527 
Paper test 2.20 0.919 3.20 0.919 
 
2.11. Experimental group and control group Results 
In table 6 is presented that average number of the correct operations by the experimental group at the digital test 
is appeared to be marginally significant higher than the average number of the correct operations at the paper based 
test due to t(9)=1.809 and p=0.101/2≈0.051. 
Table 6. Comparison of the digital test and paper test averages of the experimental group 
 
Experimental Group Differences  Number of correct operations    
 
Average 
Standard    
Deviation t df 
Sig.          
(2-tailed) 
Digital test vs Paper test 0.400 0.699 1.809 9 0.101 
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In table 7 is displayed that the control's team average number of the correct operations at the digital test is not 
significant higher than the average number of the correct operations at the paper based test because of t(9)=1.000 
and p=0.343/2≈0.171. 
Table 7. Comparison of the digital test and paper test averages of the control group 
2.12. Results of the whole sample  
Table 8 shows the average and the standard deviation of the correct operations on both tests for the whole sample 
as well as the relationship between them. It depicts that these variables have strong correlation due to r=0.665 
(>0.38) and p=0.001 (<0.05). 
Table 8. Descriptive statistical analysis of the averages of the whole sample 
Number of correct operations average standard deviation correlation probability 
Digital test 3,05 0,945 
0,665 0,001 
Paper test 2,70 1,031 
 
Table 9 contains critical values of t distribution (t column), Degrees of freedom (df column) and the probability 
[Sig. (2-tailed) column]. Due to the H1 hypothesis description it is arising that t(19)=1.926 and p=0.069/2=0.035. 
The p value (<0.05) confirms that there is significant difference between the averages of the two variables.     
Table 9. Comparison of the digital test and paper test averages of the whole sample 
 
Consequently, the hypothesis H1 is confirmed. Based on the findings the average number of the correct 
operations at the digital test is significant higher than the average number of the correct operations at the paper 
based test. 
3. Conclusion 
3.1. Major research findings 
By examining hypothesis H1, it was proven that in the total of the sample, the correct operations in the digital test 
were 13% higher, comparing to the paper test. Students with Dyslexia had 18% more right answers in the digital test 
than the paper test. This result proved right the conclusions of other researchers suggesting that the use of ICT can 
contribute to the achievement of better performance comparing to traditional assessment techniques (Rocheleau 
[22]; Perkin, Beacham & Croft [16]; Maat & Zakaria [11]; Chang et al. [3]; Gunbas [7]; Pilli & Aksu [17]). 
 
Control Group Differences  Number of correct operations    
 
Average 
Standard    
Deviation t df 
Sig.          
(2-tailed) 
Digital test vs Paper test 0.300 0.949 1.000 9 0.343 
Whole Sample Differences  Number of correct operations    
 
Average 
Standard    
Deviation t df 
Sig.          
(2-tailed) 
Digital test vs Paper test 0.350 0.813 1.926 19 0.069 
174   Elmas Anestis et al. /  Procedia Computer Science  65 ( 2015 )  168 – 175 
The control group (students with no SLDs) did not have major differentiations in their performances, as the right 
answers in the electronic test were 9% more, comparing to the written test. This homogeneity can be justified by the 
lack of any Specific Learning Disabilities (Herron et al. [8]) and by the low level difficulty operations (Winn et al. 
[26]).  
3.2. Secondary research findings 
Noteworthy, is the result that in the digital test, students with no SLDs had a 35% better performance, comparing 
to students with Dyslexia, while in the written test their performance was better by 45%. This finding is compatible 
with the findings of previous researches, which suggested that students who do not have a SLD have a better 
performance than dyslectic students (Miles [13]; Anastasiou [2]; Yeo [27]; Agaliotis [1]). 
3.3. Discussion 
The results of this study showed that the use of ICT during the examination process have a positive impact on 
students achievement. This finding not only highlights the need for expansion of ICT from the teaching process to 
the examination process but also confirms previous researches that suggested that their use has a positive effect on 
student performance (Rocheleau [22]; Perkin, Beacham & Croft [16]; Gunbas [7]; Pilli & Aksu [17]). 
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